Introduction
According to a recent systematic review of psoriasis epidemiology approximately 2-4% of the population in Western countries are affected by psoriasis, with general increases in prevalence as the distance from the equator increases 1 . This systematic review shows that Scandinavia in particular has a relatively high prevalence of psoriasis. Moderate to severe psoriasis requires regular systemic treatments, compared to mild psoriasis which can be sufficiently treated with topical applications only. Many patients with moderate to severe psoriasis require treatment with biologics when other methods do not provide sufficient response. Biologics are medications that either target T-cells or block immune system proteins, the first of which was approved for the treatment of psoriasis in Sweden in 2004. Biologic treatments currently available in the Swedish formulary include adalimumab, etanercept, infliximab, secukinumab, and ustekinumab; all of which have high efficacy and high acquisition costs.
High quality, representative data is necessary to draw reliable conclusions from which practitioners can practice evidence based medicine. Population-based registries provide favourable data conditions for studying questions of inequality, as they can evaluate clinical practice for a given population in a real-world environment. The advantages of registries have been exploited in previous research focusing on health inequalities [2] [3] [4] . The Swedish psoriasis population-based quality registry, PsoReg, contains prescription records and sociodemographic data for patients with moderate to severe psoriasis.
The PsoReg data enables us to study the effects of age equality in healthcare access in clinical practice, complimented by the fact that biologics are effective treatments with clear prescription guidelines. The present study examines the age gradient in prescription rates of biologics for psoriasis patients after accounting for disease severity.
There has been little improvement in recent history in levels of inequality: During the 1980s and 1990s, socioeconomic inequalities in self-reported health did not improve over 10 European countries 5 . In response to these and other similar findings, the WHO initiated a large research project in 2005 to identify and determine causes of social-based health inequalities with the purpose of promoting political action based on the results 6 . It was concluded that reducing health inequalities is a matter of social justice. One area of inequality research has focused on access to healthcare, where age is a determinant of interest [7] [8] [9] .
The proportion of elderly persons will grow rapidly in the near future. For example, it is estimated that the percentage of the population over age 65 in the United States will grow from 13.7% in 2012 to 20.3% in 2030, equivalent to a size of approximately 73 million people 10 . As the size of this age group grows, the question of how the health care system treats patients as they age becomes increasingly relevant. However, studies investigating age and access to healthcare are uncommon. In light of the relevant research that has been published, the results have not necessarily lead to changes in clinical practice -this was exemplified by the recent report describing a lack of action following the identification of under-treated elderly cancer patients 11 . It is also well known that older patients are regularly excluded from clinical trials; an important source of information from which physicians make treatment decisions. A systematic review found that one in five medical prescriptions to patients over age 65 should be deemed inappropriate according to the Beers criteria in primary care 12 .
Methods

Data
Data used in the present study were extracted from PsoReg 13 , a national quality registry consisting of patients with moderate to severe psoriasis receiving systemic treatment from a specialist in Sweden, combined with ICD-10 diagnosis codes from the national patient registry 14 , and annual education data from the Longitudinal Integration Database for Health Insurance and Labour Market Studies 15 . Education data is available for a shorter timespan than the other two aforementioned registries (until 2009) and therefore defines the end of the time horizon used in this study. The psoriasis registry's coverage of patients receiving biologic medication prescriptions is approximately 65%, where coverage is calculated as the number of patients enrolled in the psoriasis registry divided by the total number of eligible patients. The statistical analyses included a total of 1465 biologic naïve patients ( Figure 1 ) in PsoReg registered between 2007 and 2009. One patient was removed due to data entry error. The dataset contained a total of 259 events where biologic medication was initiated. Biologic initiation is defined as the first time a patient receives a prescription for any biologic medication, and can therefore only occur once per patient. The average time at risk of initiating a biologic medication was 0.90 years for patients receiving biologic prescriptions during the study period and 5.18 years for patients with no biologic prescription by the end of the study period.
The occurrence of a biologic initiation, and corresponding time to initiation, were principal aspects of the analyses conducted. Time at risk of a biologic prescription began at the date of inclusion in the psoriasis registry. If a patient initiated treatment at the first registered contact date (implying 0 days at risk), the patient was assumed to have 1 day at risk to allow these patients to be included in the analysis. In the absence of information about a biologic prescription, it was assumed that no biologic prescription was given. This is reasonable since the registry's purpose is to evaluate biologic treatments, and participating clinics are aware that biologic medications must be registered.
The covariates used in the analyses were age, sex, education level, Charlson comorbidity index (CCI), body mass index (BMI), presence of psoriatic arthritis, and the psoriasis area, and severity index (PASI). Differences in variable means or proportions can be observed between patients who initiated biologic treatment and those that did not (Error! Reference source not found.). In contrast, covariates appear to be fairly well balanced between the years of entry into the psoriasis registry (Table 2) , with the exceptions of the proportion treated -this can be explained by the fact that those enrolled in earlier years have had more time at risk of receiving a biologic prescription, since the end of study date is the same for all patients, regardless of enrolment date.
In the same fashion as the presence of a biologic prescription, psoriatic arthritis was considered to be absent if its presence was not explicitly recorded at baseline. In the dataset, if BMI or PASI was missing for any observation, it was missing for all observations for that patient. As such, a missing value for BMI or PASI resulted in the removal of the patient. No imputation was conducted.
Some variables used in the statistical analyses were selected based on treatment criteria. In order to be eligible for treatment with biologic interventions according to British guidelines 16 , patients should have severe disease as defined by a PASI score and a Dermatology Life Quality Index (DLQI) score of 10 or more, with severe psoriasis for six months or more. The guidelines also specify that patients should fulfil at least one of seven additional criteria relating to toxicity or unresponsiveness to standard therapies, persistent inpatient care, comorbidities, lifethreatening psoriasis, or presence of psoriatic arthritis. Of these treatment criteria, PsoReg includes both disease severity measures (PASI and DLQI scores) as well as one of the secondary eligibility criteria (presence of psoriatic arthritis). Because PASI and DLQI both measure disease severity, and PASI is more strongly associated with the decision to prescribe biologic treatment than DLQI 17 , only PASI was included in the statistical analyses to avoid multicollinearity.
Patient's treatment preference is not recorded in PsoReg. In an attempt to control for patients' treatment preference, patients' level of education was included as a covariate. It has been well documented that education level is associated with increased participation level in treatment decisions, together with sex and age 18 . Further, higher levels of education are theoretically and empirically linked with improved health outcomes 19;20 . As biologic medications have been shown to be safe and effective in clinical trials, and are viewed as such by the scientific community 21 , it could be argued that patients with relatively higher levels of education may have more influence on their prescribed treatments (increased participation) and are more aware of biologics as novel and effective treatments (increased health literacy). Based on this reasoning, education level may be a reasonable proxy measure for treatment preference, and it is hypothesised that education level is associated with an increased rate of biologic initiation. Education level was included by modelling three categorical variables for those achieving less than, up to, or beyond high school a level qualifications.
Physicians may be less willing to prescribe treatments targeting the immune system, such as biologics, for patients with additional comorbidities. Depending on the comorbidity, patients may be contraindicated for biologic treatment. Therefore, ICD-10 diagnosis codes for patients in PsoReg were collected from the Swedish national patient registry from 2007 to the latest registered date. A longitudinal comorbidity variable (summed over all years before baseline) was created based on the CCI 22 using the ICD-10 groupings described by Quan and colleagues 23 , and coded using the algorithm described by Turner and Burchill 24 . Psoriatic arthritis as a comorbid condition is included separately because it is not included in the CCI, but is particularly relevant for the patient population under investigation.
Statistical analyses
The control variables included in the analyses were selected to reflect the factors that impact physicians' prescription decisions. These variables aim to capture the effects of disease a We refer to high school as the Swedish education level of "gymnasial utbildning," which translates to secondary education. This level of education typically lasts for three years.
severity, comorbidities, observed treatment disparities between males and females, and patient preference on physicians' treatment decisions. The remaining factor included in the models is age, which we aim to examine for the presence of inequality. By including other variables that are related to prescription decisions, our aim is to remove the effects of the variables correlated with age in order to estimate the unbiased effect of age only. We define a result showing a statistically significant effect of age on the decision to initiate biologic treatment, after controlling for these covariates, as evidence of age inequality. As described above, age alone should not impact treatment decisions, other than through correlated variables such as comorbidities.
A survival analysis was conducted using a Cox proportional hazards model where exposure time, censoring, and covariates were prepared and interpreted according to the description of the data provided above. To account for increases in medical knowledge of biologics as calendar time b passes, three separate survival models were estimated, stratified by year. This accounts for the fact that patients entering the registry in 2007 are less likely to initiate a biologic treatment after a given amount of time passes than a patient entering the registry in 2009, since both patients and physicians are more likely to be familiar with biologics as calendar time passes. The assumption of proportional hazards was evaluated for appropriateness after the estimation of each model. The survival analysis was conducted in Stata version 11.2.
A second analysis was conducted using a non-parametric kernel regression. The dependent variable was the initiation of a biologic medication, and one observation was included per patient. Patients with no biologic medication were assigned the last, and therefore oldest, age observed in the registry. For patients receiving biologic treatment, age was measured at the date the biologic prescription occurred. Two regressions were conducted: the first regressed biologic initiation on age only, and the second used all covariates described previously, corresponding to those in the survival analysis. The regressions were not stratified by calendar year since the estimates were almost indistinguishable between years. In both regressions, the non-parametric analyses show the estimated proportion of patients initiating biologic treatment decreases as age increases. Intrinsic to the nature of nonparametric kernel regressions, the estimates generated must be presented graphically instead of through a single parameter value as in survival analysis or parametric regression. These non-parametric estimation was implemented in R version 3.1.1 using the np package 25 using local linear regression for mixed data types.
The survival analysis and the non-parametric analyses are complimentary, but measure different things. The classic survival analysis gives the difference in risk of receiving a biologic prescription for patients one year apart in age. The non-parametric kernel regressions estimate the effect of age on the proportion of patients receiving a biologic treatment.
b We distinguish calendar time, i.e. January 1, with survival time (where patients begin at time 0 on the day they are registered, regardless of calendar time).
Results
Proportion of patients initiating biologic treatment
The non-parametric regression depicts a decreasing proportion of patients initiating biologic treatment as age increases in the simple regression on age only (Error! Reference source not found.), as well as in the regression where all covariates are included (Figure 3 ). For the fully specified regression, the estimation presented is the partial regression plot for proportion of patients initiating biologic treatment, on age. The solid centre line represents the estimate and the dotted lines give the corresponding 95% confidence interval bounds.
The results of both regressions show an inverse relationship between biologic initiation and age. After age 40, the age gradient in the simple regression is noticeably steeper than in the fully specified regression. The interpretation of the age gradient in the fully specified regression is that the proportion of patients initiating biologic treatment decreases for each year gained in age, after controlling for the effects of covariates. The proportion of patients initiating biologic treatment is strictly decreasing across the total age range. Age is statistically significant in both regressions in a non-parametric context 26;27 , where p<0.001.
Time to biologic treatment initiation
The Cox proportional hazards models, controlling for covariates (Table 3-Table 5 ), result in highly significant hazard ratios for age of 0.963, 0.968, and 0.969 in the 2007, 2008, and 2009 stratifications, respectively. In comparison, the hazard ratio of age unadjusted for covariates is 0.961, 0.965, and 0.967, indicating a robust result even when covariates are not included. Since age is measured in years, the result implies that the chance of initiating a biologic treatment for a given patient is between 3.1-3.9% lower, depending on stratification year, compared to a patient one year younger. When evaluating a one unit change of 30 years instead of one year in the proportional hazards model, we find a hazard ratio of 0.324, 0.379, and 0.387 over the same stratifications; indicating substantially lower chances of initiating a biologic prescriptions by 61.3-67.6% compared to a patient 30 year younger.
The assumption of proportional hazards was tested using Schoenfeld residuals and through visual inspection, where the hypothesis of proportional hazards could not be rejected at an alpha level of 5% over all parameters and for each individual parameter for stratification years 2007 and 2009. In 2008, the indicator variable for education completed up to high school failed both the statistical test of proportional hazards, as well as a visual inspection of the log-log survival plot. Therefore, this variable was included as a time-varying coefficient in the 2008 stratification by interacting it with the natural logarithm of time.
Similar to age, PASI is highly significant in all stratifications, where the hazard ratio is greater than one as hypothesized. In the 2008 stratification, education level is significant for the group completing high school at an alpha level of 10% and education level greater than high school is significant at a 5% level (less than high school is the reference group). As expected, both hazard ratios are greater than one, and the hazard of education greater than high school is larger than the hazard of completion of high school. This implies a stronger effect of higher levels of education on the initiation of a biologic treatment. Psoriatic arthritis patients are more likely to initiate biologic treatment, a statistically significant result in the 2008 and 2009 stratifications. The increased hazard for males in the 2009 stratification, significant at the 10% level, is consistent with previous research 28 regarding the initiation of biologics. BMI is significant in the 2008 stratification at the 10% level. While BMI may not have a direct relationship to the initiation of biologic treatment, it is positively correlated with obesity and comorbidities, so a hazard ratio greater than one was expected for BMI. Increased levels of comorbidities also reflect a higher chance of a biologic prescription.
Discussion
The proportion of patients initiating biologic treatment is decreasing with age, as is the hazard rate of initiating a biologic treatment, after controlling for the effects of sex, education, comorbidities, BMI, and disease severity. The result is also clinically significant: the survival analyses shows that for every thirty years gained in age, a patient is between 61.3% and 67.6% less likely to initiate biologic treatment. If we assume that one generation spans 30 years, this implies that a mother has less than half the chance of initiating a biologic treatment than her daughter due to her age. Aside from age, PASI, and psoriatic arthritis are the most consistently statistically significant variables associated with the initiation of biologic treatment. PASI and psoriatic arthritis are clear disease activity markers that can be expected to have a strong influence on the initiation of effective medications such as biologics.
Despite similar disease profiles between younger and older patients after controlling for covariates, patients may receive inferior access to healthcare as they age. The conclusions drawn from the survival analyses are consistent with the majority of research in the area of rheumatoid arthritis (RA) [29] [30] [31] , where a similar range of biologic treatments are available.
Physicians operate in challenging environments burdened by budget constraints and the high acquisition cost of biologic treatments. Biologics are effective treatments for patients with moderate to severe psoriasis, and should be available to all eligible patients. That patients receive significantly less opportunity to receive access to effective healthcare as they age is noteworthy. However, different phases of life may be intrinsically related to particular patient needs that cannot be disentangled from age given the data available. The results in this paper should be used to describe and discuss the treatment landscape but not to pass judgment on the behavior of prescribing physicians. Patients' preference need to be investigated as it is possible that many older patients, particularly with only moderate psoriasis, do not want to receive systemic treatments. Further, due to a lack of high quality trial-based safety data on biologics in older populations, physicians may be cautious in prescribing biologic medications to this group.
Although the age inequality is most evident when comparing young and old patients, the relationship between age and biologic initiation is also applicable to young patients -for every year increase in age, regardless of the reference age, patients are less likely to initiate a biologic treatment. Reduced access to healthcare resources has clear implications for patient outcomes. As such, prescribing physicians must be aware of, and act upon, health inequalities for vulnerable patient groups such as the elderly. This study illustrates the challenges patients, as well as clinicians, face in contemporary clinical practice. Both political and academic work has made it clear that reducing inequality in healthcare must be a goal of modern societies.
Study strengths and limitations
The present study did not address the possibility of selection bias for patients included in the registry. Increasingly robust conclusions will be possible as the registry sample size grows, and correspondingly the number of patients initiating biologics.
Missing or unknown values for biologic prescriptions and psoriatic arthritis respectively were assumed to take particular values based on logical reasoning and argumentation. Since the true values of these parameters are not known, the assumptions made may affect the results of the analysis. Removing the patients in question did not result in different conclusions. Patient preference is an important determinant of contemporary clinical decision making that we have aimed to capture in this study through the proxy measure of education. However, this is not a direct measure of patients' preference for, or knowledge of, biologic treatment. As discussed earlier, no direct measures of patient preference are captured in the registry data. Comorbidities are captured in this study through the psoriatic arthritis variable and the CCI variable. There may be other comorbidities not captured in either of these variables that play an important role in treatment decisions for psoriasis patients. As the number comorbidities is known to be increasing with patient age, this aspect of the analysis would ideally be more precise. Finally, not all secondary biologic prescription criteria are available in the registry and are not included in the regressions.
The current study analyses treatment decisions for psoriasis patients. While the registry data used is of high quality, it may be questioned whether this result is generalizable to other disease areas or dimensions of access to healthcare. Findings in the field of RA corroborate the results from this study, indicating consistency to a similar disease area. Further, we expect that the result of reduced access to healthcare for older patients, interpreted in other ways than prescription patterns, is likely to remain consistent with the current study since the behaviour of prescribing physicians is unlikely to change as all healthcare resources are a time and resource burden. The magnitude of the effect, however, may vary across different facets of access to healthcare.
The primary strength of this study is the ability to study prescription patterns for access to biologic medications in a population-based cohort using data that has been collected on various aspects of patients' lives that pertain to prescription patterns. The fact that biologic treatments have been available only in the past decade means that this case-study evaluates access to healthcare in contemporary clinical practice, while still providing a window of time that is long enough for the evaluation to include many patients that get the event of interest. This is, to the best of our knowledge, the first study of age inequality in psoriasis.
A second strength is that the registries used in this study contain variables that allow us to study not only the unadjusted relationship between prescriptions and age, but also to account for important factors that should determine biologic prescription initiation, such as demographics, disease severity, patient preference, and comorbidities. The psoriasis registry also provides information on previous biologic prescriptions, enabling us to examine only biologic-naïve patients.
Future research
This study has used population-based registries to present the first findings evaluating the presence of inequality in clinical practice in psoriasis. To account for patient preference, we have used education level as a proxy. However, experimental research is needed to directly address the question of both patient and clinician preference in the prescription of biologic medications relating to the age of the patient.
There is also ample opportunity to extend these results by quantifying the effects of healthcare access, measured by prescription patterns or otherwise, on patient outcomes. By linking established inequities to differences in patient outcomes, questions such as whether a particular inequality generates clinically meaningful reductions in health outcomes can be addressed. In psoriasis and similar diseases that do not affect mortality directly, outcomes measured by quality of life are particularly interesting.
Conclusions
The age gradient of initiating biologic treatments slopes downward and the chance of initiating biologic treatment decreases as patients age. As clinics face increasingly demanding budget environments, spending on therapies with high acquisition costs such as biologics can be limited. Therefore, it is necessary to investigate the equitable distribution of these scarce resources in clinical practice. This study provides the first analysis and results of age inequality in psoriasis healthcare, which indicate that patients who appear to be similar in many important ways except for age have different levels of access to biologic treatments. Given these results, improvements can be made to reduce inequities in contemporary clinical practice.
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